Abstract: This paper aims to propose a framework to managing the automotive product development process. The framework, named as Automotive-PDP, was developed through a bibliographical survey and through a study of three global automakers from Asia, Europe and America. In order to verify the Automotive-PDP acceptance, interviews involving 75 professionals from automakers, auto parts and automotive design companies were performed. The goal of these interviews was to verify the practice use of the framework (Automotive-PDP) in the automotive sector. The framework development is presented and the findings from interviews are showed. Afterwards, the paper is finished with the relevant conclusions.
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PUBLIC INTEREST STATEMENT
The automotive product and process development is composed by activities involving many departments and people from carmakers, auto parts and design companies. This process is internal and exclusive for each carmaker. Despite the current literature bringing some approaches regarding the automotive development, usually only an introduction or some ideas are provided. In this work, we propose a complete framework to managing the automotive product development process (Automotive PDP). This include: a reference model structured in three main parts and dozens of phases, a hundred and six activities and a functional matrix that shows the relationships between departments, people involved, technical and managerial gates that occurs during the automotive development. In order to verify the proposal acceptance, seventyfive professionals from carmakers, auto parts and automotive design companies were interviewed. A theoretical background is developed, the framework is proposed and results from interviews are presented. The author's expectation is that the framework can assist both professionals and academia to better understand this complex and challenge engineering activity.
Introduction
This paper aims to propose a framework for the automotive product development process, named Automotive-PDP.
Although Advanced Product Quality Planning can be considered as a reference model related to the automotive sector, its focus is on the quality strategies and control plans in different time points of the product and process development, in addition to meeting the customers' expectation (Stamatis, 1998) . Therefore, it is not a specific framework for the automotive product and process development.
Another approach about this subject can be found in the book "Automotive development processes: processes for successful customer oriented vehicle development". It is a reference regarding to the automotive development process; however, as reported by the author "is more a personal report than a manual for the development of vehicles" (Weber, 2009) . The author adds describing that "compared to other publications about development automotive, the approach followed in this book reflects more the consumers' point of view rather than the engineers" (Weber, 2009 ).
Other researches in relation to different frameworks of Product development process (PDP) show that such models have generic approaches, instead of specific, about the development of the automotive product (Sharafi, Wolfenstetter, Wolf, & Krcmar, 2010) .
Thus, the need for this work is based on the lack of a detailed framework for the automotive PDP. This subject is important, and the framework proposed in this work can contribute to a better understanding of such activity.
Methodology
The methodology shown in Table 1 was used in order to develop the proposed framework.
The following sections describe the theoretical background and the study of automakers` practices. Subsequently, the framework is developed and presented. Interviews findings are presented and the paper ends with the pertinent conclusions. 
Theoretical background
PDP is a set of activities, involved in a complex network, used by a company in order to conceive, design and commercialize a product, adding value as information is created, and eliminating risks during the development process. Therefore, many of these activities are more intellectual and organizational than physical (Browning, Deyst, Eppinger, & Whitney, 2002; Jun & Suh, 2008; Ulrich & Eppinger, 2012) .
Companies must strengthen its focus on innovation that more attractive products, ones that satisfy user's requirements needs and desires, reach the marketplace earlier than competitors' products, before new, better technology is available and before the market changes (Welo, 2011) .
Interaction is a crucial characteristic of PDP. Through interactions, design problems are solved, difficulties involved are converged into solutions, and design incompatibilities are fixed (Browning et al., 2002; Cho & Eppinger, 2005; Martinez Leon, Farris, & Letens, 2013) .
Management portfolio is another strategic and important aspect of PDP. Management portfolio is a dynamic process of decision-making where new projects are prioritized, existing projects can be speeded up or even cancelled, and the resources are allocated according to the needs (Cooper & Edgett, 1999; Martinsuo, 2013; Meskendahl, 2010) .
In addition, PDP must be strongly market-oriented, addressing the concern about the development of a product that delivers unique advantages to the customer, along with meeting deadlines and costs that constitute value.
Quality policies must be developed in order to meet or exceed users' expectations (Cooper, 1983; Durmuşoğlu & Barczak, 2011; Möller, 2006; Schmidt, 1997; Stamatis, 1998) .
Product development is not only a design, marketing or manufacturing problem. It is a crossfunctional effort, and almost all company functions participate on it. In addition, product development is not just an intra-firm activity (Majava, Haapasalo, Belt, & Mottonen, 2013) .
PDP approaches
Regarding the PDP approaches Evans (1959) presented a design spiral concept. The product and process are detailed in each spiral spin until converge to detailed and final design approval. Latter, Kaminski (2000) presented a similar approach including activities related to cycle of production and consumption, reuse and recycling.
Another approach to PDP is named by Suh (2001) as axiomatic design. In this approach, the design is structured in domains. These domains include the customer's domain, the functional domain, the physical domain and the process domain.
Despite the approaches proposed by Evans (1959) , Kaminski (2000) and Suh (2001) works very well, the approach generally found in PDP literature presents macro-phases and phases, instead of a spiral concept or axiomatic concept (Asimow, 1962; Clark & Fujimoto, 1991; Clark & Wheelwright, 1993; Dieter & Schmidt, 2008; Rozenfeld et al., 2006; Ulrich & Eppinger, 2012; VDI 2221 VDI , 1993 .
In this approach the PDP evolution occurs in each phase, delivering results from many tasks that support the entire forward process, until the launch production and product market.
To monitor and control the evolution of tasks during the PDP, gates are established in order to verify the deliverables. For these activities the stage gate concept are applied (Cooper, 1990 ).
Lean production is another very important concept, and it is presented in almost all PDP literature. Lean is beyond of production activities and its principles can be applied in whole PDP, from design to production, passing through simple to complex activities (Holweg, 2007; Khan et al., 2013; León & Farris, 2011; Liker, Sobek, Ward, & Cristiano, 1996; Morgan & Liker, 2006; Shingo & Dillon, 1989; Vamsi, Jasti, & Kodali, 2015; Welo, 2011; Womack, Jones, & Roos, 1990 ).
The use of virtual and physical prototypes in the automobile's development is also required, as it reduces uncertainties and helps in the conservation of product information flow during the whole PDP (Clark & Wheelwright, 1993; Silva & Kaminski, 2016; Ulrich & Eppinger, 2012) .
Under the perspective that products development is a deliberated business process, involving a large amount of decisions (Krishnan & Ulrich, 2001) , it is important that the Automotive-PDP has a structure allowing the identification, through its macro-phases, of main departments and personnel in charge involved in decision-making.
Specific concepts regarding the automotive product design and automobile's development phases (press shop, body shop, painting, final assembly and final tests) can be found in Omar (2011 ), Weber (2009 and Hirz, Dietrich, Gfrerrer, and Lang (2013) .
Main approaches used to develop the Automotive PDP are showed in Table 2 . 
Automakers selection
Global vehicle production was observed in order to select three examples of automotive PDP. Table 3 shows the distribution of vehicle production by continent (ANFAVEA, 2016).
In Table 3 , it is possible to determine the three continents with the greatest vehicle production: Asia (50.4%), Europe (26.4%) and America (22.2%).
For the automotive sector, these three continents represent three different markets. Aiming to verify and analyze the automotive PDP in these three markets, an automaker from each continent was selected: for Asia, Toyota; for Europe, Volkswagen (VW) and for America, General Motors (GM). In order to present the three examples, a bibliographical survey, pertinent documents and interviews with heads of departments, senior engineers and experts coming from these automakers also were done. Information from the examples was classified as: product development concepts; characteristic phases, and main practiced activities. This information will also aid in the creation of the Automotive-PDP proposed in Section 4. Table 4 shows the approach used in the automotive PDP examples.
Discussion regarding automakers examples
In summary, automotive PDP starts with a strategy for the product that is intended to be developed. Following the design of the strategy comes positioning the product next to the competing products and then the creation of some alternatives for the product development. These alternatives will form the organization's product portfolio.
Once the portfolio is established, one or more products are selected for development and a process of transformation of qualitative information (desires) into quantitative data (measurable technical information) starts. The product is then developed, as well as the means and plans required to the production.
Development structures of the theoretical framework and the three automotive PDP examples present a similar organization.
Asian configuration shows a difference in itself, i.e. in terms of subsystems and not in terms of macro-phases. However, people, tools and technology subsystems can be understood as the human and technological resources required to the process subsystem. This system presents a structure similar to the theoretical background and to the other examples of automotive PDP. In summary, both in the theoretical background and in the examples of automotive PDP, the structures are initially strategic, latter strategic and technical, and finally are technical and for operational.
Development phases of theoretical background and the three examples of PDP are the discrete elements within the macro-phases. Therefore, this set of discrete elements has specific characteristics that together should characterize the macro-phase and its purpose. The phases in the theoretical background are a summary of the presented models. However, since these are generic models of PDP, they also tend to be generic and comprehensive, in order to offer a holistic view of the process. Table 5 shows the key features, main references and approaches used in the framework development. Figure 1 shows the framework representation. The three macro-phases (product strategy, product and process development and production and continuous improvement) are represented in the upper part of the figure. Phases are represented below the macro-phases and are progressively depicted. Outer arrows represent the interaction among the macro-phases. (2016) Macro-phases and phases Three macro-phases: (1) product strategy; (2) product and process development; (3) production and continuous improvement Twenty-five phases: (1) market study; (2) product positioning, (3) market monitoring; (4) product launch; (5) concept development; (6) style development; (7) modules development; (8) tests and final validation; (9) process concept; (10) infrastructure; (11) planning and preparation of the production; (12) concept of the production system; (13) Inner arrows represent the interaction among the phases and the convergence to the set of alternatives found. Management gates (Roman numerals) and technical gates (Arabic numerals) are represented in the lower line and are increasingly numbered. Management gates occur in determined time points of the process of macro-phases and or phases. Technical gates occur in different time points of the Automotive-PDP.
Framework proposal: Automotive PDP
In the macro-phase of product strategy, the technical gates occur in the end of the phases. In the macro-phase of product and process development, the technical gates occur both in the end of the phases and in the beginning of them. This variation occurs mainly in phases close to the macrophase of production and continuous improvement. In the macro-phase of production and continuous improvement, the technical gates occur, mainly, in the beginning of the phases. A generic scale is depicted in the lower line representing the management and technical gates, indicating weeks, months and years.
The macro-phase of product strategy is characterized by the start of the automobile development and consists of the following phases: market study (MS); product positioning (PP), market monitoring (MM) and product launch (PL).
In the macro-phase of product and process development there is the development of the product and means required for its production. Product development occurs in parallel to the process development. The phases of product development are: concept development (CD); style development (SD); modules development (MD); tests and final validation (TV). Phases of process development are: process concept (PC); infrastructure (IE); planning and preparation of the production (PP); concept of the production system (PS); process technology and automation (TA); tests of the facilities (TF); logistics concept (LC); dimensioning and allocation of resources (DR); pre-series production (PS) and start of serial production (SP).
In the macro-phase of production and continuous improvement there is the follow-up of the production and the identification of possible improvements in the product and in the manufacturing process. Monitoring of the product quality occurs through quality indicators. Phases of this macrophase are: process stability (ST); series stability (SS); cycle time reduction (CR); redimensioning and allocation of resources (RR); series discontinuation (SD) and technical review (TR).
When the development process of a new automobile is started, the guide report for new products is reviewed concomitantly to the phase of market study (MS). This new information set will provide the initial support to the people involved in the development of the new automobile.
The activities in the macro-phases of product strategy, product and process development, and production and continuous improvement are shown in Tables A1, A2 and A3 of the Appendix 1. Decisions that occur in the technical and management gates are demonstrated in Table A4 of the Appendix 1.
Interviews
Interviews were performed to verify the acceptability and practical use of the Automotive-PDP. The interviews were structured as: definition and elaboration of the data collection instrument; samples selection; data collection; organization of data collected and presentation and discussion of the results.
Data collection
The data collection was done personally and directly with the responders involved. The instrument used for the data collection was a questionnaire. Activities described in the questionnaire were obtained from Automotive-PDP's activities in Tables A1, A2 and A3 of the Appendix 1. The questionnaire was structured in sections, according to the macro-phases, phases and activities of the Automotive PDP. For each one of Automotive-PDP's activities two questions (Q1) and (Q2) were made.
Question (Q1) consisted of identifying the practice of the activity in the company where the responder worked. Question (Q1) was: "Is it your company's practice?". The responder had to choose as answer only one out of three possible alternatives: "Yes", "No" or "Unknown".
Question (Q2) consisted in evaluate, according to the responder's opinion, the importance of the activity. Question (Q2) was: "How important is the activity?", considering its cost/benefit. The responder had to choose as answer only one out of five possible alternatives: "1", "2", "3", "4" and "5". The alternatives were based on a Likert scale. For grades between 1 and 2, the responder considered the importance of the activity practiced as slightly important. For grade 3, as neutral importance, and for grades between and 5, as very important.
To the Automotive PDP can be considered acceptable, the authors have determined that the percentage averages of "yes" answers from the question (Q1) was equal to or greater than 60%.
For the question (Q2), the weighted global average of "Yes" answers (WY) was equal to or greater than 3.5 on a Likert scale.
In order to identify the lack of possible non-contained activities in the Automotive-PDP, complementary questions were inserted into the end of each section (macro-phase). The complementary question was: "Have you identified the lack of any activity in the macro-phase?". At the end of each section of the questionnaire a field was available, for the responder to describe in his/her own words the activity he/she suggested.
Responders selection and data collection
Heads of departments, senior engineers and experts working in automakers, auto parts, automotive design, and other correlated companies constituted the responders selected. There were men and women, i.e. gender difference had no relevance for the interview. Age of the responders was also not considered. From this definition, a total of 75 responders were interviewed. Table 6 shows the data collection, according to the respondent's subgroup.
Table 6. Distribution of responders according to the subgroups

Subgroups Qty
Automakers 36
Auto parts 29
Design 5
Others 5
Evaluation criteria
Identifying the valid questionnaires was required in order to organize the data. Two criterias for identification of non-valid questionnaires were established: large part of the questionnaire with no answers (more than 30% of the answers), and responders not belonging to the determined subgroup. After setting the criteria, the questionnaires evaluation was performed. From a total of 75 questionnaires, 59 questionnaires were considered valid for the research. The total of the answers were then grouped, according to the alternatives from questions (Q1) and (Q2) chosen by the responders.
In the examples 1 and 2 are described the concept for the grouping and the answers distribution for the questions (Q1) and (Q2) respectively.
Example 1: for the activity (Ia) contained in phase 1 (market study), the 59 answers were grouped and distributed between the alternatives of the question 1 (Q1) "Yes", "No" and "Unknown". The results were: 56 answers for the alternative "Yes", zero answers for the alternative "No", and 3 answers for the alternative "Unknown". For this example, there were no Blank answers.
Example 2: for the activity (Ia) contained in phase 1 (market study), the 59 answers were grouped and distributed between the alternatives of the question 2 (Q2) "1", "2", "3", "4" and "5". The results were: zero answers for the alternative "3", 12 answers for the alternative "4", and 47 answers for the alternative "5". For this example, there were no Blank answers. Table 7 shows a global view for the organization and distribution of the answers according to examples 1 and 2, for the activity (Ia) contained in phase 1: market study.
In the distribution showed in Table 7 , only the total of answers between the alternatives for questions (Q1) and (Q2) are visualized. This distribution does not allow identifying, for a specific alternative from Q1, which was the option chosen by the responders, from the alternatives chosen for Q2.
Based on this situation, a new grouping was done. In this new grouping the grade chosen by the responders was considered, according to the alternatives chosen. In example 3 the concepts of this new grouping and the distribution of the answers for Q1 and Q2 are described.
Example 3: for the activity (Ia) contained in phase 1 (market study), from a total of 56 answers "Yes", 10 answers had grade "4", an 46 answers had grade "5". For the activity (Ia) the was no answers "No". For the answers "Unknown", from a total of 3 answers, 2 answers had grade "4" and one answer had grade "5". For example 3 there were no Blank answers. Therefore, to the question (Q1), the results obtained for each alternative were converted to percentages (%). To the question (Q2), the results obtained for each alternative were organized and distributed into weighted averages.
Equation (1) shows the calculation for weighted averages.
W is the weighted average of the grades, q i is the number of questionnaires for a determined grade n i , and n i is the grades selected by the responders, with i from 1 up to 5. Table 9 shows an example of the results distribution, according to the percentages and weighted averages, for phase 1 activity (Ia): market study (MS).
In order to obtain a global view of the results from the whole Automotive-PDP, weighted averages of activities belonging to a determined phase of the model were added, and an average was calculated, providing a global view of the means for each phase of the model. Same procedure was adopted for the results obtained with the phases of a determined macrophase, thus providing a global view of the means for each macro-phase of the model. Finally, the procedure described was also applied to the macro-phases of the model, providing a global view of the means for the whole Automotive-PDP.
(1) 
Findings
Results are presented and discussed in a sequence starting with global results for the whole Automotive-PDP, then, with results from the macro-phases and at last from the phases of the framework.
From the analysis of results from Table 10 , it can be concluded that from a total of 100% of the valid responders, 76% confirmed that, in their companies, there is the practice of a large part of the activities contained in the Automotive-PDP, and they consider the practice of these activities as important or very important.
For the 24% who answered there is no practice or unknown whether the practice of the activities occurs or not in their companies, global grades were neutral (3.0), trending to important, since the grades are between 3.3 and 3.5. Table 11 shows the global results for the macro-phases and for the technical and management gates of Automotive-PDP. Table 11 showed that the results obtained with the macro-phases confirmed, with averages greater than 70%, the practice of the activities in the companies contained in the subgroups automaker, auto parts and design.
About the technical and management gates, results showed little variation between them. The variation was 1% for "Yes", 3% for "No", and 4% for "Unknown". The greatest results were attributed to the management gates. 
Is it your company's practice?
How important is the activity?
Percentage Means 
Y (%) N (%) UN (%) B (%) WG WY WN WUN WB
Macro-phases Is it your company's practice? How important is the activity?
Percentage Means Phases of macro-phase of product strategy were used as example of the results obtained for all the phases contained in the macro-phases of Automotive-PDP. Table 12 shows the results for this macro-phase.
Y (%) N (%) UN (%) B (%) WG WY WN WUN WB
The phase of MS presented the largest result for "Yes" answers (94%), compared to the other results obtained for the whole model.
For "Unknown" answers, this phase obtained a global average of the grades equal to 4.4. The phase of market monitoring (MM) obtained a percentage equal to 17% for "Unknown" answers, this being the largest value between "Unknown" answers, compared to the other phases of macro-phase of product strategy. All results obtained for "Yes" answers of this macro-phase obtained percentages greater than 70%. Analogously, all global averages of the grades obtained were greater than 4.0. Therefore, this macro-phase obtained significant results for both questions (Q1) and (Q2), i.e.: the occurrence of the practice of a large part of the activities contained in the phases, and the importance of the practice of these activities in the companies of the subgroups researched.
Following the analysis of all answers obtained in the field research, it was observed that only one (1) of the activities receiving "Yes" answers obtained a grade lower than 4.0. It was the activity (XVIId), number 74, with grade equal to 3.5.
By observing the general averages of each activity, only six activities were identified as having general grades lower than 4.0. Table 13 shows the activities identified. 
Complementary activities
For the complementary questions of the questionnaire, the responders suggested some activities, also supplementing them with its practice or non-practice, as the importance in practicing or not practicing. Using the analysis of the suggested complementary activity and the identification of its correlation with the activity (ies) of the questionnaire, an analysis of the complementary activities, with no correlation with any activity proposed in the Automotive-PDP, was performed.
The process was repeated for the other complementary activities suggested by the responders for the macro-phases of product and process development and production and continuous improvement. Complementary activities identified as valid for incorporation were inserted in the Automotive-PDP and are identified in Tables A1 and A2 of the Appendix 1 with the symbol (*).
Except the activity (XVIId), the other activities of this group had global averages for "Yes" answers equal or greater than 4.0.
Conclusions
Developing serial products in a structured and concurrent form among automakers, auto parts and automotive design companies is a great challenge.
In this work, we propose a complete framework to managing the automotive product development process (Automotive PDP). The main advantage of this framework is to access a generic automotive reference model that contains a complete set to manage this process. This include: a reference model structured in three main parts and dozens of phases, a hundred of activities and a functional matrix that shows the relationships between departments, people involved, technical and managerial gates that occurs during the automotive development.
The expected results are: a larger interaction among the professionals involved, work standardization, reduction time in function of a defined and known development system, and therefore reduction wastes. A consequent reduction in costs and investments by the organizations can also be expected. In this context, the proposed Automotive-PDP can contribute to the automotive sector.
For the automotive PDP acceptance, global averages of the model showed that 76% of responders replied "Yes" for the practice of the activities suggested in the Automotive-PDP, and only 10% answered "No" practice.
The other 14% replied "Unknown", i.e. took no position in certain answers. Except the six activities identified and shown in Table 10 , all remaining activities of the proposed model obtained general averages of the grades equal or greater than 4.0. i.e. the activities were considered as important or very important by the responders.
Not restricted to the activities proposed in the model, a survey was performed during the research, where the responders were able to suggest complementary activities to the model. These activities were analyzed and incorporated, according to criteria demonstrated during the presentation and discussion of the results.
Based on the global and specific results it can be concluded that the proposed Automotive-PDP presents a significant acceptance with the practices performed in the automakers, auto parts, and automotive design companies. Therefore, it demonstrates its importance for the sector. In addition, it can be concluded that the proposed model also presents a significant compliance to the theoretical background, and the three examples of automotive PDP shown, since the framework proposed was also grounded on them.
Automotive-PDP is expected to be used, among other applications, as a guide for professionals in the automotive sector and for researchers, in the development and helping in the activities pertinent to the automotive products development process. 
